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Abstract 

Agas samplingel ectrcmgneticcalor~ternmning ina "Saturated 

Avalanchetie" was testedat SLACwithpositrcns incidentatemrgy up to 

17.5 CeV. With this new method, gcod energy resolution, 16 P-&J/% 

andgocdlinearitywereobtainedwitharrays of thirty-four 0.5 radiation 

length thickleadplates interleavedwith 34tie counters. Therewas no 

msasurable systmatic effect. Amplifiers are not needed; the signals are 

largeenoughtobeconn~directlytothe~'~. 

+Presentaddress: Institute ofREP,Ac. Sbica, Beijing, P. R. China 

*Presented at the 2nd Topical Conference on Forward Collider Physics, 
Madiscn, Wisconsin (m 1981). 
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Introduction 

Gas sa@ingcalorimsters operating inapropxtionalmode havebeen 

tested and used by several gmups l-10 but, with one reprted exception6, 

their energy resolution has been much inferior to that achieved with calori- 

msters that use plastic scintillator counters. Improved resolution has been 

demonstrate3 inacaloriseteroperated inthe Geigerncdell,andmaybe 

eqectedalsowiththelimitedstrean&2~ 13ncde. Thosedevices are intrin- 

sicallydifferentfranproportional counterenergysampling calorinraters. The 

former, ineffect,use thenmberof tracks in the sha?er,while the latter 

use themagnitude of total collected charge asmeasures of theenargydepos- 

ited in the gas. In this psper,we report results of tests of gas sa@ing 

calorimsters run in neither of these n-cdes, but in an intermediate, partially 

saturatedmde. Their resolution is canparable to that of plastic scintilla- 

tor dori7reters. 

These tests were made as part of the program to develop calorimater 

mdules for the Collider detector facility14 , as apparatus to detectprcducts 

of Pp interactions at the 2 TeV colliding beams mchine now under construc- 

tion at Fermilab. The present design (Fig. 1) calls for gas sampling electro- 

nqneticmdhadrcniccslorin?atryinthe fomardandbackward angularre- 

gions. Respectably srallgranularitywillbeachievedwitht- structures 

of cathcde readout pads. 



-2- 

m detectors studied, were a M?.C prototype6 and brass tube calorimeter10 

(DE) whichwere tastedpreviously inpropxtionalmde at SLACandat Fermi- 

lab, reqmtively. Thus, only limited details of construction will be given 

here. 

The ~~13 prototype was coqosed of 34 lead plates of 2.8 mn thickness 

end 34 planes of 50 um diameter anode ties enclosed in 9.5 ma x 9.5 mn cells 

which are separated by 1.5 mn thick alminm ribs, a 17.8 radiation length 

slmwar detector. Fig. 2 shows the amsngemsntandthe cell structure. Both 

detectorswereindividuallyplacedin~~~containers~chwuldbe 

evacuated or pressurized for studying pressure effects. The anode wires of 

eachplanewere connectedto acoinmn strip, and seven such planes- fur- 

ther grouped together, resulting in five groups to be read out. Mst of the 

results thatwillbepresented inthispaperwereobtained frcmthe total 

smof these five groups. Results on the longitudinal develomt in the 

shmerwillbe reported later. 

The counter gas was a mixture of 49.3 percent Argon, 49.3 percent ethane, 

and 1.4 percent ethyl alcohol. Negative highvoltagewas applied to the 

cathcile tubes. Distributed high voltage capacitors totalling 0.25 uf - 

thecharge storage elements. As indicatedinthe figure, th~wasnoneed 

for amplifiers bstween thewires andthe ALC's. Indeed, itwas necessary to 

attenuate the large signals obtainedbetween 2 db and 30 dbdepenain4on 

ths high voltage and gas pressure. Forty mters of RG58 coaxial cables car- 

ried the signals to the LeCroy 2249WAIXC's. Tbe Ace pedestals - deter- 

minedwith a linear extrapolationof themsasuredvariationofpulseheight 
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The wires of the EEC were connected together longitudinally, as sham 

inFig. 3, and ftiagroupedss indicatedabove and in the figure. The 

BIG was nade of 0.36 mnwall thickess, 6.3 ma x 11.3 rm Crross section brass 

tubes containing 50 urn diamster anode wires. Forty 2-ma thick lead plates 

ware bet~~Cthewireplanes togive a total of16.5 radiationlengtbs. 

AL%-11 cm~uter systemwith a SIACprogrampackage "ATfDECS"was 

used for data taking and on-line display and monitoring. 

BeamParsneters 

Thedetectorswere testedinthe19° beamof the StanfordLinearAccel- 

eratorwhichprovidedpositrons of17.5 GeV&energy. SL?C ran in the 

SLEDmcdeduringtheentire testswithabunchlengthof about20 nsec,F'WHM 

8nsec,andlOb~mchesparsecond. About 95 percent of the beam at the 

detectorwaswithin the 2mnx2mnareaofthebeamdefiningcounter. The' 

irkensitywas,on the average, betweenl/lO snd1Opositronsperbunch. The 

rsxnenta spread of the beam, Ap/p was less than to.25 percent rms. 

Wtof the data presentedherewere takenwiththeM?Cprototypa calori- 

treter. Gain and resolution were msasured at various settings of gas pressure 

and appliedvoltagewithpositrons incidentatselectedenergies in the 

range 1.5 GeV-17.5 GeV available in the SIX test beam. A representative 

sarqle of typical results will be shown. 
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For 10 GeV incident positrons, the total pulse height distribution is 

shown in Fig. 4 together with a G%ssian fit to the data. Or&y that portion 

of the distributionwithin +2u of the-were used in the fitting procedure. 

'BE shap of the distribution, typical of all, is well represented by the 

Gaussian function. 

with fixed gas pressure, the resoluticm u/E varieswith high voltage 

as sham in Fig. 5. As the voltage increases from 2100 V, the resolution 

slmly decreases to a shallm rninimm at Q 2250 V and then slowly increases. 

Figs. 6a and 6b present the calorimster output as a fmction of incident 

positronenergy. Bothat psigand 5 psigthere is nodeparture fran 

lixearity at energies up to 17.5 G&J. For these nms,'tbe counters were nm 

at 2300 V and 2550 V, respsctively. 

Fig. 7 shcws the total pulse height as a fumtim of high voltage for 

the pressures of 0 psig and 3 prig. E&h shmapproximtelyexpmential rise 

ingsinwith inaeasingvoltage. Thehigherpressure curvehas scans indi- 

cation of an inflection point near the middle of the range. 

Higherenergyres~nseof the detectorwas simulatedbyusingmultiple 

psitrons in a single rfbuchet. This is a fair simulation since thepsi- 

tive ions donotrme appreciably frcmwhere theywere prcducedduriag the 

beam spill. Fig. 8 shcws the detector response to multiple positrons of 

17.5 Gev. It shows that as many as llsimltaneous positrons the energyreso- 

lution of the detector is sufficiently gccd to resolve than with clear minima 

between thepeaksof thepulseheightdistributims for the corresponding 

nurrbers of~sitmns. In fact, this is a Poisson distribution for n = 4.5. 

The oscilloscqe trace reprcduced in Fig. 9 shcws scme pulses for single and 
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double positrons. The pulse risetimeis about10 nsec, andthedecaytime 

is almost 800 nsec. The decay tine is long because the whole detector whose 

capacitance exceeds 10 nF was connected to a single 50 n coaxial cable. The 

pulse height for singles is ~75 mV and is L 150 mV for doubles. These pulses 

csn be used for a prompt multiplicity trigger with a tine jitter of few nano- 

seconds. That the pulse height for the multiple positrons deviate in a smooth 

way tian linear behavior for mre than 2 positron (35 GeV) shower is seen in 

Figs. 10a and b. The linearityismuchbetter at8 psig. Anexpandedview 

of the pulse height distribution for 10 GeV positrons is shm ,in Fig. 11. 

Itdramatically sh* the syraxtric, Gaussian-like shapes with clean valleys 

bstweenthemultiple-hitpsaks. The energy resolution as a function of eguiva- 

lent energy deposits of nmltiple 17.5 GsV positrons is shown in Fig. 12 after 

correction for the non-linear response. 

The energy resolution as a function of energy for single incident posi- 

trons is ehcwn in Fig. 13. u/E shms theu~us.lE-~fl de~dencewithacon- 

stark factor of 16.2 percent as indicated in Fig. 14. The shape of the depen- 

dmce of resoluticnonenergy indicatesno systematictermsince itemtrap 

lates to the origin. This is, perhaps,because there is no activedevice 

(amplifier, pulse shaper, etc.) between the detector and the AIX, and small 

variations among individual wire gains average out - the detector. 

Thedetectorwasrotatedtomakeanglestothebeamaxisofasmuchas 

23O. With 17.5 GeV positrons incident, the results of Fig. 15 were obtained. 

Itisseenthatthepulseheightincreasesbyasmallamount(smmiamm2.3 

percent), and the u/E decrease s slightly with increasing angle. zhis inqrove- 

msntmaybedue toabettercontainmentofenergy intheeffective thickness 

of the angled calorineter. 
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similarresults- obtained fromtheBTc. Itwasrunonlyaboveatms- 

pheric pressure, 6 psig,becauseofthe smalldistance, 3.5mn, frmtheanode 

wire to the cathode tube wall. Fig. 16 shcm that the energy resolution is 

almost 17 percent/-b&and independent of high voltage, in contrast to the 

behavior of the MAC prototype. The reason for thedifferencesbetweenthe 

twomaybe thedifferentcell shapes. It is curious thatpxrer resolution 

was foundwith the thinnerleadsampling sheets. Wheh this detectorwas 

tested at Fenailab in the propxtional rrcde, the resolution was measured to 

be22psrcsmt/+. 

SaturatedAvalancheKciie 

l2 We have investigated the ionization region between the proportional 

regionandthe self guenchjng stresmsrregionindetailusinga 9.5mnx 

9.5 raatubehavinga 50 mwire,areplicaof one cellof theprot0typeEP.C 

detector, inorder tounderstandthe wdeneqyresolutionof the appara- 

tusrelativetocalorin&ers running intheprolzortiohalmcde. 

A mall fraction of thewire pulsewas amplified and used to formthe 

ADZ trigger, as shmn in Fig. 17. A I&my 2285 AK: system was used for msa- 

suring the chwqe. ThegainoftheJUXwas20countsperpiamoula&. An 

Fe55 x-ray source was used to msasure the wire gain as a function of high 

voltage. As seen in Fig. 19 a and b, the resolution is insufficient to sep- 

arate the 5.9 keVx-raylineahd 2.9 keVargonescapelinewhen thegasgain, 

at23OOV,is in theregionoflimitedpro~rtionality. Thegainherems 

2, 5 x 104. The 2.9 kev line is hidden in the left side of the asynsratric 

@se height distribution. Fig. 20 shays the gain as a function of the high 
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voltage. The rate of growth of the avalanche is seen to decrease continuously 

as t&e highvoltage increases above 2200 Vuntilthe streamsr threshold is 

reached. Tknthegsin increases- little to thepointof full skeamar 

qeration around 2650 V. 

The distribution of pulse heights recorded by passage of ninimm ioniza- 

tiontrackswasalsoinvestigated inthisvoltageregionusinga Q" & 

sour=. Atelescopemade frcmapair of mall thin scintillationaxmters 

provided a gate pulse for the AtK's. The discriminator thresholds were set 

toacceptminlytheminimmt ionizing 0's. Fig. 20a shcws the pulse height 

distribution obtained at 2300 V. This histogram shcws that the distribution 

isalsmstsym&ricwithasnelltail. The distributionmadebythe S'sis 

not like atypicalIandaudistributioncbtained inagas gapof 9.5mnthick- 

ness at atmoqheric pressure. Tbe tailisgreatlysuppressed. Anexpmded 

view of the histogram of Figs 20a is &mm in Fig. 20b. It has a ratio 

of c to maan of 34 &exert. Landau fluctuations clearlyhave been reduced, 

an indication that the greater the concentration of primary ionization, the 

imre saturation (less gain) cccws 15 as hasbeenobsemedearlier . 

FYun the data of Fig. 18, we fird a ratio of man pulse heights produced 

bythe two photons of% l.4,rather than thez, 2.0 ratio of energies. Similar 

conclusions aboutthedepsrture franstridlinear,proportional response fol- 

la+s francunparison of the signals frmthe 9 andx-ray sowxes. Ihoseobser- 

vations and the suppression of the Landau tail indicate partial saturation 

of the avalanche charge at the collectingwire. Thus, the resolution is isi- 

proved oxqeredtothatcbtainedwhen the counters operate in the proportional 

n&e. We find a resolution scmswhat smiler than, but not really inconsistent 
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with that predicted by Fischer 16 , which is based on a calculation of the re- 

sponse without the effect of Landau fluctuations. Deterioration in resolu- 

tion at voltages mxh higher than 2400 V may be caused by fluctuations in 

gain where streamer and saturated avalanche mcdes overlap (see Fig. 19). 

Depending on the amount of ionization deposited locally on the wire, the gain 

maybelow (saturated avalanche) or-more than anorder ofmqnitudehigher 

(str-) . 

The authors wress their appreciation to Drs. R. es, R. Prepcst, 

and D. M. Pitson for providing the MAC prototype; to Drs. R. sdiwitters and 

A. Tbllestrup for support; toDr. R. Cearhart andthe SIAC operating crew 

forassistingandsupporting the runs; to P. Clancy and S. Mackenzie for 

helpwiththedataacquisitionsystem; andtoM. Urycyk for modifying the BE. 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6a and b 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10a and b 

Fig. 11 

Fig. I.2 

Fig. 13 

Fig. 14 

Fig. 15 

Fig. 16 

Fig. 17 

Figure Captions 

A cross sectionviewof the Collider Detector Facility at 
FeIlPilab. 

The experinwtal configurationof theM?C electrcmgnetic 
calorimster. 

Theexperimsntal configuraticmof thebrasstubeelectrc- 
nqnetic calorimeter. 

A typical pulse height distribution andGmssian fitted 
points forobtaiminga andnwnvalues using 20 fit. 

o/E versus high voltage for 10 CeV positrons at 0 psig. 

The totalpulseheightrespoms of the calorimteras 
functim of the e+ energy for 0 psig and 5 psig, respec- 
tively. Thelinearityis excellentforbothpressuxes. 

The total pulseheightas a fmction of thehighvoltage 
for pressures of 0 psig and 3 psig. 

Therespmseofthe detector to simultaneousrmltiple 
pzeitrons of 17.5 GeV. 

The oscilloscops picture of scme single and double 17.5 
GeVpositronpulses. 

The pulse heights as a function of simultaneous 17.5 GeV 
nultiple positrons for 0 psig and 8 psig. 

Fulseheightdistributions for10 GsVnultiplepositrons. 

u/fiversus simultaneous multiple 17.5 C&V positrons 
after correction fornon-linear response. 

a/Eversus positron energy. 

a/E versus Em112 indicatingno systematiceffects. 

~ta.Lpulseheightandu/Eve~~us incidentbeamangle for 
17.5 GeV positrons. 

a/fiversus thehighvoltage for thebrass tubecalori- 
mster. 

Theckcuitdiagramfor investigating the saturatedava- 
lan& region. 
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Fig. 18 pulse height distributions for the 5.9 x-rays from Fe55. 
Fig. 18a shows the ALC distribution without amplifier. 
Note the 3 keV argon escape line is not visible in the 
saturatedavalanche regionbecause ofpoorproportion- 
ality. Fig. 18b shows the aqlified distribution where 
theescapelineis justvisible because of thebetter 
resolution at high pulse heights. 

Fig. 19 Themxleltube gainasa function ofthehighvoltage in 
the saturatedavalancheregianusingtheADcwithout 
amplifier. 

Fig. 20a and b The pulse height distribution forminimum ionizing tracks 
in the saturated avalanche region showing almxt symwtric 
d.istributimwithvery smllLandautail. Fig. 20bis 
the expnded detail of the Fig. 20a. 
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